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The ourowe of &his tuds was to determine the mozncxtic 
utility of quantitative &r&e tbaltium-201 imaging and 
coolpare it with that of cardiac atholorimlion i  ambuls- 
tory patients. Accordillgly, longbrm (4 lo 9 years) fol. 
tow-OP was obtained in 293 patients who \indemen, both 
t&s for the evabmtiotl of &St pain: 89 had undergone 
cornnary artery bypasx gratI surgwy within 3 months of 
testing and were excluded from anatys~, 119 eqwienced 
no rardiac events and 91 hod M went (death in 20, nonFatat 
myoeardtsl infarerction in tt and mroaary artery bypa 
operations performed >3 months ahtr card& catheteriu- 
lion i” SO). 
When all variables were analyzed using Cox regression 
analysis, the gusntitalivety &w.ssed tungiheart ratio of 
tba,tiun-20, activity was ,hc DOS, bnporta”, predictor rra 
lutur.?eardtt eve”, ix2 = 4&L,,. Other silnbican, oredic- 
t0r~ were the M& 0r divlsed V& (x2 = i7. t 0, 
patient gender (X2 = 9.43) and change io bear, rate from 
rest to exeretse (X2 = 4.19). Whoram the number of 
diseased vewts was an impwtant indepnden, predictor of 
cardiac IYPII~~, it did not add sigrdtieantly to the wemU 
ahitilg of Lhe eereix ,balttum-201 test to predict event% 
Furthermore, itiommtion oMained from tbattium-MI im- 
aging atone was mar@ordty superior to that &ained from 
cardiac aatbeteriutinn atone tp = 0.M) and rbwtticantly 
rogwior lo that obtained from eriorci$e t tig atone (p = 
0.02) in dotorminbt~ he wxurrewe of wonts. In addifion, 
unlike the oxerrb ,baUiim-201 les,. which e&d orediet 
angina refractory to medical therapy: and 2) ,o prevent death 
or myocardial infarction despite con,roI of angina with 
medical therapy. The first reason is widely accepted and 
obvious (l-3). The second reason is controversial and pre- 
sumes that physicians are able to identify patients who are at 
incrsared risk for a future cardiac event and ,hat myoardial 
rwascularization reduces the risk of such an event (48). 
A number of tests have been used 10 assess prognosis in 
patients with chest pain of possible ischemic origin. These 
& include noninvasive markers of ischemia during exer- 
cise. such as hemodynamic and electrocardiographic (ECG) 
changes t9-II). regional myoeardial perfusion abnormalities 
on thallium-7.01 imaging (12-14) and abnormal leti ventricu- 
lar ejeclion fraction response during exercise using radionu- 
clidc blood oool imaeine ll5-17). In addition, data obtained 
a, cardiac catheterization. including lcf, ventricular ejection 
Table 1. Clinical, Exercise, Thallium and Calheterizalion 
Variables in 204 Patients 
fraction at rest and the extent and severity of coronary 
stenoses, have also been used to determine risk of future 
cardiac events (18-21). Although these tests. when consid- 
ered individually, have been shown to be useful in this 
regard, a systematic omparison of their relative values has 
not been comprehensively assessed in a large cohort of 
patients. 
In the present study we hypothesized that cardiac cathe- 
terization may not be needed to identify patients at risk for 
future cardiac events when high quality noninvasive xercise 
test data are available. This hypothesis implies that addition 
of data from cardiac catheter&on may not significantly 
improve the long-term prognostic utility of exercise stress 
imaging in ambulatory patients with chest pain. The exercise 
imaging modality tested in this study was quantitative thal- 
lium-201 scintigraphy, with special emphasis or! the quanti- 
tative assessment of the lung/heart ratio of thallium-201 
activity. 
Methods 
Study patients. Table I depicts the clinical, exercise. 
thallium-201 and cardiac catheterization variablrs analyzed 
for this s:udy. The ori&ml cohort for this study consisted of 
with thallium-201 imaging and cardiac catheterization within 
3 months of each other at the Massachusetts General Hos- 
pital in the 4 year period between 19’78 and 1981 (22). During 
this period. amxoximately 2,800 patients underwent exer- 
cise ihallium& imaging for k&n or suspected coronary 
artery disease. Pollow-up data were obtained during 1985 
and 1986.4 to 9 years after the tests (mean + I SD 5.3 f 1.0 
years), by contacting the attending physician or by calling 
the patient or patient’s family directly. Such data were 
obtained in 293 patients (90% of the original cohort), includ- 
ing 258 with and 35 without coronary artery disease at the 
time of the initial studies. One hundred eighteen of these 
patients had had a prior myocardial infarction whereas 175 
had not. 
When the 293 patients in whom follow-up data were 
obtained were compared with the 32 in whom such data were 
nor obtained, only minor di!Tzzwes Were noted between the 
two groups. The patients with no follow-up were less likely 
to have been receiving beta-adrenergic blocker therapy, had 
achieved a higher exercise systolic blood pressure. had had 
fewer segments demonstrating redistribution on delayed 
thallium-201 imaees and had had fewer diseased vessels CD < 
0.05). Other variables were similar between the two groups. 
Of the 293 parienls with follow-up. 89 underwent core- 
nary artery bypass surgery within the first 3 months after 
cardiac catheterization. 48 underwent coronary artery by- 
pass surgery and 2 underwent angioplasty >3 months after 
catheterization. 21 had nonfatal myocardial infarction, 20 
had a cardiac or presumed cardiac death and I13 had no 
event. The follow-up period was similar for patients who did 
and did not experience an event and for all categories of 
events. Thus, 204 patients (excluding the 89 who underwent 
coronary artery bypass surgery within 3 months of catheter- 
ization) fomt the basis of this report. 
Exercise t&ing (Table 1). Patients underwent maximal 
treadmill exercise testing using the Bruce protocol (23). 
Baseline ECG, heart rate and blood pressure were recorded 
at rest. at each minute of exercise and at I, 3 and 5 min after 
termination of exercise. Exercise was terminated when 
fatigue, claudication. angina. dyspnea, hypotension or se- 
vei ventricular arrhythmias o&red. An abnormal exer- 
cise ECG was defined as one that exhibited a normal ST 
segment at rest and demonstrated during exercise either 
horizontal or downsloping depression that was 81 mm 
below the baseline or unsloping depression of s2 mm below 
the baseline 0.08 after the 1 point (24). The exercise ECG 
was considered nondiagnostic if either: I) the ECG was 
normal but the patient dtd not achieve ~85% of maximal 
predicted heart rate (24); or 2) if ST segment depression, left 
ventricular hypenrophy or left bundle branch block was 
present on the ECG at rest (25); or 3) if the patient’s medical 
regimen included a digitalis preparation at the time of tht 
study (26). The blond pressure response was considered 
abnormal if the systolic blood pressure decreased or failed to 
increase at oeak exercise. 
Thelliu~imegjng (Table 1). At peat. exercise. 2.0 mCi of 
thallium-201 (Dupont~New England Nuclear) was injected 
intravenously and the patient was encouraged to exercne an 
sdditiooal30 to 60 s. Initial (5 min after injection of thallium- 
201) and delayed (3 to 4 b !e!er! irnaz- were acquired in the 
anterior and 50’ and 70” leh anterior oblioue oroiections with 
previously reported methods (271. Q&tit& analysis of 
the images was performed on a VAX II/780 minicomputer 
(Digital Equtpment Corpoaiionj interfaced to a frame buffer 
(JIeAnza Systems). The method has been described in detail 
previously in the same cohort of patients (22). Presence or 
absence of initial defects, redistribution and abnormal clear- 
ance were derived on the basis ofdata obtained from normal 
subjects with <I% probability of coronary atiery disease 
(22). The inter- and intraobserver variability of this methd 
was repotted previoue!y in the same cohort of patients (22). 
Segmental myocardial rleatance of thallium-201 was consid- 
ered abnomml if it was slower by ~98% compared with the 
fastest clearing segment in the same heart (28). The lung 
thallium-201 activity WBI measured using a region of interest 
method and expressed as a fraction of the activity in the 
myoadiai segment with the maximal counts in the initial 
image (lungibeart ratio) in the anterior view as previously 
reoorted (29). 
-Cardie. eethetertzatiea (Table 11. Coronary artery dis- 
ease during selective coronary arteriography was defined as 
a 850% luminal narrowing of one or more major coronary 
ate& or their major branches. based on the average score 
of two experienced independent observers (30). The major 
branches included the major diagonal branch of the left 
anterior descending coronary artery, the obtuse marginal 
branch of the left fircumtIex coronary artery and the poste- 
rior descending branch of the right coronwy artery in a right 
domiernt system or the IeR circumflex coronary artery in a 
letI dominant system. When a mmus intemtedius artery was 
present. it was considered equivalent o the major diagonal 
branch of ihe left anterior descending coronary artery. The 
most severe narrowing wes recorded for each vessel and the 
patient was classified as having one, two or three vessel or 
left main coronary artery disease. Leh ventricular ejection 
fraction was calculated from the right anterior oblique view 
of the left ventricular an&gram using the modified Dodge 
equation (31). For analysis of wall motion, two independent 
observers with no knowledge of other data divided the left 
ventricle in the right anterior obhque view into three seg- 
ments (anterolateml. aoical and inferooosterior) (301. Wall 
motion was subjectively scored as 0 inomnl). I (hypoki- 
netic), 2 (akinetic) or 3 (dyskinelic). For this study abnormal 
wall motion wgs defined in a segment with a score of I to 3. 
Difference of opinion was settled by consensus. 
Data analysts. Death, nonfatal myocsrdial infarction and 
coronary artery bypass surgery (or angioplasty) >3 months 
afrer cardiac catheterizedon were considered cardiac events 
141 Ifmcrc than one event occurred in the same patient (for 
example wocardial infarction followed by death). the first 
went was considered for analysis. However. if dratb oc- 
curred during hospitalization for a myocsrdial ir.ierction, 
then death was analyzed as the event. Tbe clinical, exercise, 
thatbum-201 and cardiac catheterization variables analyzed 
as predictors of events are deptaed in Tabie I. 
Data were expressed as mean ? I SD or es proportions. 
Univariate anal&is of mean data between groups was per- 
formed using the Student’s f test with pooled variance or 
one-way analysis of variance (RSII. Bolt, Beraneck, and 
Newman) (32). Univtiate analysis of proponions between 
gulps w.5 performed using the chi-square test (32). Differ- 
ence between groups were considered significant at a p value 
of <O.M (two-sided). 
A nrtdtiwriare andysis (Cm regression. BMDP) was 
then performed to determine which of the simultaneously 
analyzed data could predict the occurrence of future events 
(33). Con regression analysis was used because the follow-op 
period was not the same for each patient. With this analysis, 
models were created that included either all variables (full 
model) or only selected variables (constrained model) at the 
time of analysis. To compare the ability of each of these 
models to predict future events, the Weld likelihood and 
score function tests were performed (33,. 
hz addition IO rhese onoly.ws, secondary analyses were 
performed et which coronary artery bypass surgery was 
excluded es an event and patients with previous myocadial 
infarction were excluded from analysis. The former was 
performed to determine wether exclusion of an event that is 
based on physician judgment significandy alters the rese!ts, 
and the latter was perfomled to determine whethe: the 
prognostic implications of the exercise thallium-201 findings 
and cardiac catheterization data are different for patients 
who have not had a prior myocardial infarction. When 
event-free sutvival was stratified on the basis of character- 
istics of a variable, the two resultant curves were tested for 
diKerace using the Mantel-Cox and Breslow tests embodied 
in life table analysis (BMDP) (34). Tbe time to mean survival 
for each category of events was also derived from this 
analysis. 
RN&S 
Cempnrtwn of patients who did and dii net have a eardine 
event (Table 2). A univariate analysis of 91 patients with a 
cardiac event versus It3 patients with no event indicated 
that the group that experienced an event contained a higher 
proportion of men and patients with prior myocardial infarc- 
tion. These patients exercised for a shorter duration and had 
a lower heart rate, systolic bload pressure and rate-pressure 
product. Although they did not experience angina during 
exercise more freqlrently than those without an event. they 
had greater ST segment depression. The thallium-201 images 
showed more segments with initial defects, redistribution 
and abnormal clearance and a higher lung/heart thallium 
activity ratio in patients who experienced an event. At 
cardiac catheterization patients with an event had more 
diseased vessels. more left ventricular segments demonstrat- 
ing abnormal wall mcdion and a significantly lower left 
ventricular ejection fraction at rest. 
Four of the 35parienrs wirk no coronnry rrrrery discasc on 
initial angiograplry experienced on evenf; 2 had nonfatal 
myocardiol infarction (I2 and 18 months, respectively, after 
catheterization) and 2 continued to have chest pain and on 
subsequent angiogmphy (12 and 24 months later) nad siwle 
vessel disease requiring angioplarty for relief of symp~o&. 
Events were less frequent (I I and 34%. respectively) and the 
mean time to events was longer (6.9 and 5.8 years. respec- 
tively) in patients with no coronary anery disease and those 
with one vessel disease. In contrast. events were more 
frequenl(69 and 81%, respectively. p < 0.001) and the mean 
time to event was shorter (3.8 and 2.1 years, respectively, p
= O.ooO21 in patients with three vessel and left main coro- 
nary artery disease. 
In CO~WUSI &findings qficr rwonary ongiography. only I 
of 39 palirnrs wilh normnl thallium images had at8 cww 
(nonfatal myocardial infarction) 28 months after the cxcrcise 
thallium test. This patient had two vessel disease on coro- 
nary angiography. Table 3 stratifies the occurrence of events 
in relation to normal or increased lung/heart ratio of thal- 
lium-201 activity. Only 29 (34%) of 85 patients with an 
increased lunglheart ratio (>0.52) had no event compared 
with 84 (71%) of I13 patients with B normal ratio (p ; KXII). 
Similarly, whereas 43 (38%) of 106 patients with redistribu- 
tion had no event, 73 (74%) of 98 without redistribution had 
no event (p < 0.01) (Table 38). 
In comparison with both coronary angiography and thal- 
lium-201 imaging. the occurrence of ST segment depression 
during exercise was not as good in separating patients with 
an event from those with no event (Table 3C). Whereas 34 
(36%) of 95 patients with no ST segment depression had an 
event, only 57 (52%) of 109 with ST segment depression had 
an event (p < 0.01). 
Comparison of patieots with difkrent types of events (Table 
4). We compared the characteristics of patients undergoing 
a revascularization procedure >3 months after catheterira- 
lion, those experiencing nonfatal myocardial infarction and 
those who died. Patients who died were older and had more 
myocardial segments demonstrating initial defects, redistri- 
bution and abnormal clearance OD thallium-201 images. 
These patients had a hiibcr lungkart ratio of thallium-201 
and lower left ventricutar ejection fraction compared with 
Table 3. Relation of Cardiac Events to Abnormal Exercise 
Thallium Findings in 204 Patients 
the other Iwo subgroups. In contrast. the patients who had a 
nonfatal mvocardial infarction had fewer diseased vessels 
and fewer~tnyocardial segments demonstrating abnormal 
wall motion at rest compared with the other two subgroups. 
Multivariate analysis for time to event (Table 5). The 
variables that were significantly related to the ocwrrence of 
earlier events in order of importance wing Cox analysis 
were: quantitatively assessed luag,%eatt ratio of thallium- 
201, number of diseased vessels, patient gender and change 
in heart rate fi-om rest to peak exercise (Table 5Al. Figure I 
iihtsttates the swvival carves of palientz with a rwmtal and 
aa increased h&heart thallium ratio; the curves are signif- 
icantly d&rent. When this ratio was excluded from analy- 
yia, the variables selected were number of diseased vessels, 
patient gender, heart rate at peak exercise and number of 
begmen~ demonstrating redistribution on delayed thallium- 
201 images (Table SB). The exchtsion of the lungiheatl ratio 
of thallium-201 caused a significant albeit small (p = 0.04 
decrease in the overall power of all variables listed in Table 
I to separate vents f&m no events. In contrast. excluding 
the number of diseased vessels only marginally (p = 0.07) 
altered the poweuei of the iemainir@ vatiabies to separate 
those with events and no events. Figure 2 illustrates the 
sttnival curves of patients with ao or single vessel coronary 
disease and those wiih multivessel disease over the 7 year 
follow-up period. The two cwves are significantly different, 
but the difference is less than that between patients with a 
normal or increaxd lungihean ratio of thallium-201 activity 
(Fig. I). 
When both lunglheorr ratio of ikollium-201 ocrivity and 
rke number of diseased vessels were removedfrom an&sis, 
the number of segments demonstrating redistribution be- 
came the most infant valiabte dete~in~g ocwrence of 
events (Table SC). The power of this model to separate vent 
from no event s&ttw~ps was less ip = o.02) than when the 
thaliitim h~np%eat$ ratio or the number of diseased vessels, 
or both. ww included in the analysis. Figure 3 illustrates the 
survival curves of patients with and without thallium rrdis- 
ttibution. Allhoogtt the dii.xnce is significant, it is not &F 
great as that between patients with and without an increased 
lung/heart ratio (Fig. I) or those with and without multives- 
sel coronary artery disease [Fig. 2). The difference in SW- 
viva! between those with and withod, ST segment deprcs- 
sion (Fig. 4). although significant, was not as great as that 
between the patient giowps in Figures 1 to 3. 
surgery performed >3 months after cardiac catheterization: 
it was the second most important variable (after lung/heart 
ratio of thallium) in predicting death, hut it WBS not a 
significant variable in predicting nonfatal myocardial infarc- 
tion. In predicting nonfatal infarction, the number of seg- 
ments demonstrating redistribution was the most important 
Figure 2. Difference in the survival of patients with no coronary 
artery disease CAD) or one vessel diseare CIVD) versus those with 
multives6el disease IMVD) at cardiac atheterilafion. 
variable. The number of segments showing a defect in the 
initial thallium-201 images was a significant predictor only m 
patients who died. The number of segments howing abnor- 
mal clearance of thallium-201 was not a medictor of future 
events in any of the patient subsets. 
Results ti sewndaly analyses (Table 6). Secondary anal- 
ysis performed after excluding coronary atery bypass sur- 
gery as an event indicated that exclusion of coronary artery 
bypass surgery did not significantly change the overall 
results. Lung/heart ratio of thallium-201 remained the single 
most important predictor of an event. However, the number 
of diseased vessels was no longera signihcant predictor ofan 
Figure 3. Difference in the wvival of patients without and with 
redistribution the delayed thallium image. 
event and was replaced by the number of ~egmcnt, dsmon- 
strating thallium redistribution. Male gender continued to be 
associated with earlier events. 
&lu.~io~t of r/w 118 pnri~wrr wirlt plror ~IYOC nrdiol OS- 
fornrcrion did oat significantly alter the results of the anoly~~~ 
(Table 68); the lungiheart ratio of thallium-201 remained the 
most important predictor of future events. The number of 
diseased vessels. however. was no longer a significant pm- 
dictor of a future event: and was replaced by the number of 
segments demonstrating redistribution. Pauent gender and 
the change in heart rate from rest to cxcrcix remained 
significant predictors of eveoh. 
Discussion 
Our data suggest that exercise thallium-201 imaging. 
which includes the quantitative estimatwn of the lung/heart 
ratio of thallium-201 activity. may be equivalcnl if not 
superior to cardiac catheterization alone and i% definitely 
superior to exercise testing alone for predicting future UE- 
corrence of cardiac events in patients undergoing both test> 
for the evaluation of chest pain. Addition of cardiac calhe- 
terization only marginally enhances the ability of exercise 
thallium-201 imaging to predict future cardiac events in thts 
group of patients. Patients with normal thallium-2Ul onage~ 
had a very small likelihood of experiencing an adverse 
cardiac event. Lung/heart ratio of thallium nctivity w:n the 
best predictor of prognosis in our patients even when bypw 
surgery was not included as an event and even when pat~cnt\ 
with prior myocardial infwction rrre excluded from an~ly- 
SIS. 
Role of lung/heart ratio uf thallium-201 activity. During a 
preliminary presentation of the-e data. Kaul et al. 135-381 
from our institution were the fin1 to repon that quantita- 
liveiy derived lungiheart ratio of thallium-201 activity was 
the most important thallium-201 predictor of future cardiac 
event\ in ambslatory symplonatnc patients. Before those 
\tod~\. vivally x1-e~xd mcreased long uptake of thalliom- 
201 had been reoorted to be one of the ored&xs oi 
recurrent cardiac ~~11s in patients with aco~e myocardial 
infxchon followed UD for a oeriod of I5 months t 13). and one 
ot the markerr of ‘left itdo 139) or severe mulrive~rel 
corooxy ansry disease (39.40). Brown et al. (12). from our 
m\lilul~on. d!d not find it to he a Ggnificant predictor of 
loturc acot\ when thallium-201 images were analyzed Go- 
ally in paients undergoing both exercise thallium-201 imag- 
me and cardrac catheterization. This disoaritv mav be re- 
lated to ihe fact that in at least 25%’ of -the &tients. 
rhallium-201 aclivitv is misclassified bv visual analvsis (381. 
Encouraged by o;r preliminary re&tr. Gill e( al. (41) 
subaequcnrly visually analyzed thalhum-201 actwily in un- 
selected patients undergoing this test at our institution in 
1979 nod found that visoally assaaed lung uptake of Ihal- 
lium-201 was the most important predictor of future events 
in thehe patients. There arc IW .patieofs common to that 
mcrcosc in IcR atrial pressure cased by global lefr veilIn- 
culx dysfunction during exercise. This ratio has also b:cn 
correlated rrmngly with the severity of coronary artery 
disease 05.42). Olher mvestiptor~ t15-17) have reported 
that radionuclide left ventricular ejection fraction during 
exerue i5 a strong predictor of future cardiac weots. 
Becau% increased lunglheart ratro of thalhum-201 activity 
reflects exercise-induced left ventricular dysfunction. our 
rerolt, would seem to be in agreement with these studies. 
Role of other thallium-201 variables. Another variable 
that orcdicted future cardiac events was the number of 
vent&dar segments demonstrating redistribution. When 
both lung/heart ratio of thallium and the number of diseased 
vessels were excluded from analysis, the number of seg- 
ments with thallium redistribution became the single most 
imooltant oredictor of a future card&xc event. It was also the 
m&t imp&ant predictor of future nonfatal myocardial in- 
farction even if anciorraohic and other thallium-201 varid- 
bles were included. In a 3 to 5 year follow-up of 100 patients 
without a previous myocardial infsrctlon (121 who had 
undergone both exercise thallium-2111 imaging and coronarjl 
artetiography, the number of myocardial segments showing 
visual redistribution was the only significant predictor of 
future events. In that study, bowever, computer analysis of 
thallium-201 images was not performed and. instead of a Cox 
regression model, the investigators used a stepwise logistic 
regression model, which does not appropriately handle dif- 
ferences in the follow-up interval among patients (12.34). A 
more recent study by Gill et al. (41) also found the number of 
seemems with redistribution to be an imwxtant oredictor of 
fubre events, second only to incr&d lung uptake of 
thallium-201. The Universitv of Vireinia mow (131 reoorted _-. . 
the presence of redistribution to be more prevalent in 
ratients with uncomolicated mvocardial infarction who had 
g future cardiac event. In a more recent report from the 
fame group (43). the number of segments with redistribution 
was the most important thallium-201 predIctor of future 
cardiac events. Similar results were obtained hy Ladenheim 
et al. (44). 
In a prelimittar;, report, Mad&hi et al. (141 showed that 
the number of segments demonstrating abnormal clearance 
was a predictor of a future cardiac event in a small number 
of ambulatory patients followed up for I year. We were 
unable to demonstrate the usefulness of abnormal thallium 
clearance as R predictor of future events or the prognostic 
utility of the number of defects on initial thallium-201 images 
in the presence of increased lung/heart ratio and redistribu- 
tion. In ow study. only in patients who died was the number 
of initial d. fects an independent predictor of adverse wt- 
come. Our results are, Ihcrefore, somewhat different fmm 
those reported by other authors (45,463 who found the 
number ofdefects and severity of defects on initial thallium- 
201 images to be the most pouwful predictors of a future 
cardiac event. 
Role of exercise testing. In the present study. the heart 
rate at peak exercise was a predictor of fuurure events 
independent of the number of diseased ~csscIs and the 
numhcr of segments demonstrating redistribution. Similar 
results were observed in a similar study from the University 
of Virginia (43). Poor heart rate response during exercise 
was also previously related to poor outcome (47.48). We did 
not find an abnormal blood prewre response doring exer- 
cise or the extent, duration or severity of ST segment 
dcpressiou to be an independent predictor in the present 
study perhaps because of the stronger predicting power of 
the thallium-201 and angiographic vanables. 
Rote of eardiar catheterization. The number of diseased 
coronary vessels was the second most impwant predictor of 
a future cardiac event when coronary artery bypass surgery 
was included as an event. However, when bypass surgery 
w&s not included. the number of diseased vessels no longer 
remained a predictor of future events in the presence of 
quantitative thallium-201 wiables. Similarly. when patients 
with previous myocardial infarction were excluded from 
analysis, the number of diseased vessels was no longer B 
significant predictor of a future event. Furthermore, when 
each event was analyzed reparately. the number of diseased 
vessels did not predict the occurrence of nonfatal myocardial 
infarction. Similar results were reported by the group at the 
Universitv of Vireinia (431. Althoueh the number of diseased 
surgery, its inclusion did not add to the prognostic informa- 
tion already ohtaided from the exercise thallium-201 test in 
our paticntr. In the prescncc of other angiographic and 
thallium-201 variables the number of segments demonstmt- 
ing abnormal wall motion and abnormal left ventricular 
ejection fraction at rest did not predict a future event 
althouah thev were oresent in oatients who died. Similar 
result; were~obtaineh at the U’niversity of Virginia (43). 
These results indicate that inducible ischemia correlates 
better than left ventricular dysfunction at rest with the 
oaorrence of death in these patients. 
Limitations otthe studv. Although this study deals with 
325 consecutive patientswho uad&vent thaII& imaging 
and cardiac catheterization at one institution, it is a retro- 
spective study. There is also selection bias in the study 
group that can be related to several factors: I) the patients 
included in this study are those who were ambulatory and 
could undergo exercise testing as a part of their evaluation: 
2) this study represents only a fraction of ambulatory pa- 
tients undergoing cardiac catheterization at one hospital 
during the 4 year period; 31 it also represents only 12% of 
patients undergoing exercise thallium-201 imaging during the 
same period at that hospilal: 41 although during the period 
when these patients underwent thallium imaging (1978 to 
19RI) this technique was not used to determine pmgnosis, it 
is possible that in some ptttients the decision to perform 
cardiac calheterization was based an the results of the 
thallium exercise test: and 5) we awe able to obtain fol- 
low-UD in onlv 90% of the cases: however. as the wxm of 
patients with no follow-up had evidence of lesr seiere 
coronary artery disease. it ir unlikely that a IOOW follow-up 
woo!d have altered our results. 
Conclusions. Our study demonstrates that in patients 
undergoing both exercise thallium-201 tenting and cardiac 
catheterization for the evaluation of chest pain. quantita- 
tively assessed lung/heart ratio of thallium-201 activity is a 
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